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The present invention relates to the sustained release of active agents, and particularly to novel bioadhe- 
sive microcapsules which permit th sustained rel ase of active agents such as therapeutic or cosmetic agents 
into, for example, th oral cavity. 

The introduction of active agents into the oral cavity or other physical location by sustained release has 
s the advantage of reducing the number of times an active agent must be administered each day, and further 
provides a uniform distribution of the active agent over an extended period of time. 

Conventionally, medicinal agents are either coated to a particular thickness with a relatively insoluble ma- 
terial, or they are embedded into a rigid lattice of resinous material. In this way, the medicinal agent is continu- 
ously made available for absorption into the blood stream to replace the amount of drug eliminated while the 
10 dosage form Is passing through the patienf s gastrointenstinai system. 

For example, U.S. Patent No. 4,610,870 discloses an orally ingested coated tablet having a controlled 
release formulation which is said to provide for substantially zero order release of medicaments over a 10 to 
12 hour period. The controlled release formulation of this patent includes a core containing the medicament, 
one or more water-soluble hydrocolloid gelling agents having a viscosity of 10,000-200,000 centipoises, and 
15 additional binders, lubricants and anti-adherents. 

U.S. Patent No. 3,911,099 provides long-acting capsules or tablets for introducing medications onto the 
oral cavity. This patent also briefly mentions the possibility of Incorporating anti-caries and anti-plaque agents 
into the tablets and micro-capsules provided, 

ILS. Patent No. 3,623,997 is directed to a process of treating the walls of a controlled release capsule with 
20 an organic solvent solution of waxy material. 

U.S. Patent No. 4,698264- discloses a solid, water-dispersible detayed-release particulate composition 
which consists of a matrix composed of a poorly water soluble salt, and an active ingredient insoluble in and 
uniformly distributed through the matrix. 

The above-described efforts, while providing usable sustained release compositions, generally are not fully 
25 acceptable in one or more respects. For example, some individuals find tablet forms to be difficult to swallow, 
or if the agent is to be delivered to the oral cavity, tablet forms are inconvenient to use or possess undesirable 
textural properties. Prior micro-capsule sustained release forms often have these deficiencies or further lack 
properties which would make them suitable for delivery to the oral cavity, such as adhesiveness. 

It is therefore generally agreed that there presently is no completely satisfactory means for delivering an 
30 active agent to the oral cavity by sustained release. As noted above, it would be particularly desirable to devise 
an effective sustained release system for delivering an active agent, such as an anti-caries agent, to the oral 
cavity. 

The process of dental caries formation is initiated by the production of acid metabolic end products by pla- 
que bacteria from dietary carbohydrates. The incidence and rate of caries formation Is a function of the fre- 

3$ quency of ingestion of cariogenic carbohydrates and of personal oral hygiene habits. Plaque removal by 
mechanical means and with antiplaque mouthrinses and use of fluoride in dentifrices, mouthrinses, and drinking 
water are conventionally used to impede the caries formation process. Recently, Warner-Lambert has provided 
evidence that chewing TridentGum following carbohydrate ingestion also inhibits caries formation. Tridentfunc- 
tions by increasing salivary flow which, in turn, elevates plaque pH by washing the acid end products away. 

40 Saliva also contains buffers, particularly bicarbonate, which neutralize plaque acids. 

It would be highly desirable to augment the buffering capacity of saliva by supplying buffering agents to 
the oral cavity. In order for such buffering agents to exert a therapeutic benefit, these exogenous buffers would 
have to be provided in a controlled release dosage form which would allow the buffer to be released over a 
prolonged period of time, and the buffering agents would need to be provided in a dosage form which would 

45 be adhesive to the oral cavity, to prevent their rapid clearance from the oral cavity by salivary action. 

Accordingly, the present invention provides bloadhesive microcapsules which permit the sustained release 
of active agents such as therapeutic or cosmetic agents. A preferred application of the invention is the provision 
of bioadhesive microcapsules containing buffering agents, which may be delivered by sustained release into 
the oral cavity, to prevent caries formation. 

so Generally, the present invention contemplates two compositions of matter directed to related forms of 
bloadhesive microcapsule formulations. 

According to a first composition, a composition of matter comprising bloadhesive microcapsules Is pro- 
vided, the bioadhesive microcapsules comprising xanthan gum, locust bean gum, a bulking agent and an active 
agent 

55 According to a second composition, a composition of matter comprising bioadhesive microcapsules is pro- 
vided, said microcapsules comprising ethyiceOulose and an active ag nt 

The Invention also contemplates methods for preparing the subject novel bioadhesiv microcapsules. 
In accordance with a first method, bioadhesive microcapsules capable of the sustained release of an active 
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agent are prepared by a process which comprises: 

(a) providing a hot aqueous solution or suspension of an activ agent; 

(b) adding xanthan gum, locust bean gum and a bulking agent to said aqueous solution, to form a viscous 
solution; 

(c) cooling said viscous solution; 

(d) drying said viscous solution, to form a solid material containing said active agent; 

(e) forming said solid material into bioadhesive microcapsules; and 

(f) recovering said bioadhesive microcapsules. 

In accordance with a second method of preparation, bioadhesive microcapsules capable of the sustained 
release of an active agent are prepared by a process which comprises: 

(a) providing an aqueous solution or suspension comprising an active agent and ethylcellulose; 

(b) drying said aqueous solution or suspension to form a solid material containing said active agent; 

(c) forming said solid material into bioadhesive microcapsules; and 

(d) recovering said microcapsules. 

In accordance with a third method of preparation, bioadhesive microcapsules capable of the sustained 
release of an active agent are prepared by a process which comprises: 

(a) providing a hot aqueous solution or suspension of an active agent; 

(b) adding xanthan gum, locust bean gum and a bulking agent to said aqueous solution, to form a viscous 
solution; 

(c) spray drying said viscous solution, to form bioadhesive microcapsules; and 

(d) recovering said bioadhesive microcapsules. 

Applicants have unexpectedly provided a composition of matter comprising btoadhesive microcapsules, 
said microcapsules comprising xanthan gum, locust bean gum, a bulking agent and an active agent 

This first composition provided by the present invention is advantageously composed entirely of food grade 
materials, and the composition provides a sustained release of an active agent over an extended period of time. 

Xanthan gum, the primary adhesive of the presently disclosed microcapsules, is a commercially available 
synthetic water-soluble biopolymer made by the fermentation of carbohydrates. Xanthan gum is heat-stable 
and exhibits a good tolerance for strongly acid and basic solutions. Xanthan gum also possesses good mouth 
feel characteristics. The first composition of the invention utilizes xanthan gum in combination with locust bean 
gum. 

Locust bean gum, also known as carob-seed gum, is a commercially available polysaccharide plant muci- 
lage which is essentially composed of galactomannan ( carbohydrate ). Locust bean gum is known to exhibit 
a synergistic effect when combined with xanthan gum, thereby yielding a stronger gel when prepared in accord- 
ance with the present invention. 

The xanthan and locust bean gums employed in accordance with the first composition of the invention are 
preferably utilized in approximately equal amounts. In this regard, a commercially available 50/50% mixture of 
xanthan gum and locust bean gum is conveniently employed, available from Kelco (San Diego, CA) under the 
trademark Kelgum. 

The bulking agent employed may be selected from a wide variety of known bulking agents, including those 
selected from the groups consisting of gelatin, hydrocdloids, glycerin, mfcrocrystalline cellulose, metnylceilul- 
ose, polyvinylpyrrolidone (PVP), sodium raboxymethylcellulose and whey solids. Gelatin is the preferred bulk- 
ing agent employed, since it is both adhesive and water soluble. 

The present invention provides for the encapsulation and sustained release of a wide variety of active 
agents, including those selected from the group consisting of therapeutic agents, cosmetic agents and mixtures 
thereof. 

In a preferred aspect of the invention, the active agent comprises a therapeutic agent such as a buffering 
agent, which is delivered into the oral cavity by means of the bioadhesive microcapsules of the invention, in 
order to prevent the formation of caries. 

Suitable buffering agents include those selected from the group consisting of potassium phosphate dibasic 
calcium carbonate, sodium potassium dibasic, sodium bicarbonate, ammonium bicarbonate, potassium carbo- 
nate, magnesium carbonate, calcium phosphate tribasic, sodium sesqutcarbonate, ammonium carbonate, tet- 
rasodium pyrophosphate, calcium hydroxide, sodium hydroxide, potassium hydroxide and mixtures thereof* 

Generally, the buffering agent should comprise a basic salt in an amount sufficient to neutralize approxim- 
ately 1 0 mg of lactic acid. Lactic add is the acid challenge of ch Ice against the basic salts, since it is produced 
by the fermentation of carbohydrates. Ten mg of lactic acid was selected as the chall ng based upon the fol- 
lowing calculations. A stick of chewing gum weighs approximately 3 g and Is about 75% carbohydrate. 
Cariogenic plaque metabolizes sucrose to lactic acid with 36% of the sucrose being converted to lactic add. 
Assuming that only 1 % of the sucrose is metabolized with the remainder being swallowed, then 8. 1 or approxim- 
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ately 10 mg of lactic acid remain as the challenge. 

The stolchiometry of the reacti n of potassium phosphate dibasic and lactic acid may be determined by 
titration to require a mole ratio of K 2 HP0 4 to lactic add of 2:1 . 

The first composition of the Invention may be optionally coated with a food grade wax, in order to improve 
5 the sustained release characteristics of the microcapsules. The waxes useful in the invention comprise both 
natural and synthetic waxes and include without limitation animal waxes such as beeswax, lanolin and shellac 
wax, vegetable waxes such as camauba, candelilla, sugarcane and bay berry wax, mineral waxes such as pet- 
roleum waxes including paraffin and macrocrystalline wax. The wax coating may be formed on the microcap- 
sules by known methods, such as hot melt or granulation procedures. Granulation is the preferred coating 
10 procedure, and camauba wax is preferably employed as the wax coating material for all of the wax coated 
compositions of the invention* The wax coating may optionally include calcium carbonate, in order to fill chan- 
nels in the wax coating to provide greater sustained release, and also to serve as a second source of acid con- 
suming power. 

The present invention also contemplates a second composition of matter comprising bioadhesive micro- 
re capsules, the microcapsules comprising ethylcellulose and an active agent 

Ethyicellulose is a commercially available ethyl ether of cellulose which has been unexpectedly found to 
function as an effective sustained release bioadhesive agent when formed into microcapsules in accordance 
with the irivsriucn. 

The second composition of the invention includes an active agent which may be selected from the group 
20 consisting of therapeutic agents, cosmetic agents and mixtures thereof. 

The second composition of the invention does not require a bulking agent, although one may be employed 
if desired. 

The active agent utilized in the second composition of the invention preferably comprises a therapeutic 
agent which most preferably comprises a buffering agent Useful buffering agents again may be selected from 
25 the group consisting of potassium phosphate dibasic, calcium carbonate, sodium potassium dibasic, sodium 
bicarbonate, ammonium bicarbonate, potassium carbonate, magnesium carbonate, calcium phosphate 
tribasic, sodium sesquicarbonate, ammonium carbonate, tetrasodrum pyrophosphate, calcium hydroxide, 
sodium hydroxide, potassium hydroxide and mixtures thereof. 

As with the first composition, the second composition of the invention may be provided with a wax coating 
30 in order to enhance the sustained release characteristics of the bioadhesive microcapsules. Camauba wax Is 
again preferred, with usable waxes being selected from the group consisting of animal waxes, vegetable waxes, 
mineral waxes, synthetic waxes and mixtures thereof. 

The bioadhesive microcapsule compositions provided by the invention may generally be incorporated into 
any suitable delivery system known in the art Exemplary delivery systems include gels, center-fated chewing 
35 gums and pressed mints. Generally, the delivery system may be appropriately selected depending upon the 
physical location the microcapsules are to be delivered to, as well as the intended use of the microcapsules. 
The above-described exemplary delivery systems are preferred in accordance with the present invention, since 
they permit effective delivery of the bioadhesive microcapsules into the oral cavity. 

The invention also contemplates three methods for preparing the novel bioadhesive microcapsules of the 
40 invention. 

In accordance with a first method of preparation, bioadhesive microcapsules capable of the sustained 
release of an active agent are prepared by a process which comprises: 

(a) providing a hot aqueous solution or suspension of an active agent; 

(b) adding xanthan gum, locust bean gum and a bulking agent to said aqueous solution, to form a viscous 
4$ solution; 

(c) cooling said viscous solution; 

(d) drying said viscous solution, to form a solid material containing said active agent; 

(e) forming said solid material into bioadhesive microcapsules; and 

(f) recovering said bioadhesive microcapsules. 

so Preferably, the drying of the viscous solution according to the first method is accomplished by lyophilizing 
techniques well known in the art Microwave and conventional drying methods known in the art may also be 
empl yed. 

The solid material produced by the drying procedure may be formed into microcapsule form by methods 
known to thos skilled in the art, such as by breaking the solid material into pieces, followed by milling and 
55 sieving the pieces into microcapsules. 

Suitabl activ ag nts and bulking agents follow in accordance with the above-described first composition 
ofth Invention, with potassium phosphate dibasic and gelatin b ing preferred, respectively. 

The additi n of the xanthan gum, locust bean gum and bulking agent to the aqueous solution is preferably 
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accompanied by vigorous stirring of the aqu ou s lution, to facilitate dissolving of these compon nts. 

Also preferably, th viscous solution of xanthan gum, I cust bean gum and activ agent should be cooled 
to approximately room temperature, prior to drying the viscous solution. 

In accordance with the first method of the invention, the bloadhesive microcapsules may optionally be 
coated with wax to enhance the sustained release properties of the microcapsules. 

Usable waxes include those selected from the group consisting of animal waxes, vegetable waxes, mineral 
waxes, synthetic waxes and mixtures thereof, with camauba wax being preferred. 

The preferred process of wax coating utilized in accordance with the first method of the invention comprises 
a hot melt procedure, well known to those skilled in the art 

Further, calcium carbonate may be optionally added to the hot melt wax composition, prior to coating the 
bloadhesive microcapsules. 

The fast method of preparation also optionaDy Includes a final step of incorporating the bloadhesive micro- 
capsules produced into a suitable delivery system, such as a gel, a center-filled chewing gum or a pressed 
mint 

According to a second method of the invention, bioadhesive microcapsules capable of the sustained 
release of an active agent are prepared by a process which comprises: 

(a) providing an aqueous solution or suspension comprising an active agent and ethyicellulose; 

(b) drying said aqueous solution or suspension, to form a solid material containing said active agent; 

(c) forming said solid material into bioadhesive microcapsules; and 

(d) recovering said microcapsules. 

The drying step performed in accordance with the second method of the invention may consist of any known 
drying process, but preferably comprises forming a film of the aqueous solution or suspension and subsequently 
allowing the aqueous solution or suspension to dry, to form a solid material containing the active agent 

According to the second method, the solid material is preferably formed into microcapsule form by milling 
and sieving techniques known in the art 

Again, useful active agents may generally be chosen from therapeutic and/or cosmetic agents, and pref- 
erably comprise buffering agents, such as those selected from the group consisting of potassium phosphate 
dibasic calcium carbonate, sodium potassium dibasic, sodium bicarbonate, ammonium bicarbonate, potas- 
sium carbonate, magnesium carbonate, calcium phosphate tribasic, sodium sesquicarbonate, ammonium car- 
bonate, tetrasodium pyrophosphate, calcium hydroxide, sodium hydroxide, potassium hydroxide and mixtures 

thereof. r , 

The ethyicellulose based bioadhesive microcapsules prepared in accordance with the second method of 

the invention may optimally be coated with a wax selected from the group consisting of animal waxes, vegetable 

waxes, mineral waxes, synthetic waxes and mixtures thereof. Camauba wax is again preferred. 

The second method of the Invention also contemplates the optional incorporation of the microcapsules into 

a delivery system, such as a gel, center-filled chewing gum or a pressed mint, as appropriate. 

According to a third method of preparation, bioadhesive microcapsules capable of the sustained release 

of an active agent are prepared by a process which comprises: 

(a) providing a hot aqueous solution or suspension of an active agent; 

(b) adding xanthan gum, locust bean gum and a bulking agent to said aqueous solution, to form a viscous 
solution; 

(c) spray drying said viscous solution, to form bloadhesive microcapsules; and 

(d) recovering said bioadhesive microcapsules. 

The above-described third method of the invention comprises the preferred process for preparing the first 
compositions of the invention in a production scale operation. 

In a particularly preferred aspect of the third method of the invention, the microcapsules are coated with a 
wax by a granulation technique. Suitable waxes again may be selected from the group consisting of animal 
waxes, vegetable waxes, mineral waxes, synthetic waxes and mixtures thereof. Camauba wax is preferably 
employed, if a wax coating is to be utilized. 

The temperature of the solution or suspension formed in accordance with the third method is preferably 
maintained at approximately 70°-90°C t thus eliminating the necessity of cooling the solution/suspension prior 
to drying. 

Suitable active agents and bulking agents follow in accordance with th first method of preparation, and 
the first compositions, of the Invention. Preferably, the active agent again comprises a buffering agent such as 
potassium phosphate dibasic, and the bulking agent comprises gelatin. The resulting microcapsules produced 
exhibit a high degree of btoadhesiveness and sustained release characteristics, and these microcapsules may 
be conveniently loaded into a delivery system for delivery of the buffering agents Into th oral cavity. 

The spray drying techniqu employed in accordance with the third m thod is well known to those skilled 
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In the food products art, and serv a to dry finely divided droplets of the suspension/solution with minimal heat 
degradation of th final product 

The viscous solution formed according to the third method of the invention Is preferably stirred vigorously 
in order to facilitate dissolution of the essential components. 
5 Also, calcium carbonate is optionally added as a buffering agent core component of the microcapsules pro- 
duced by the third method, or may be added to the optional wax coating. 

The following examples are given to illustrate the invention, but are not deemed to be limiting thereof. All 
percentages given throughout the specification are based upon weight percent, unless otherwise indicated. 

10 Example 1 

Preparation of Bioadhesive Microcapsules 

This example illustrates the preparation of bioadhesive microcapsules according to the first method of the 
15 invention. 

Microcapsules were prepared by first loading Kelguntfgeiatin with potassium phosphate dibasic This was 
accomplished by dissolving the potassium phosphate to 0.1M In hot deionized water (65-70°C), followed by 
addition of 1% Kelgurr. (50% xanthan gum and 50% locust bean gum) and 4% gelatin (225 bloom} for bulk with 
vigorous mechanical stirring. This viscous solution was then poured into petri dishes, allowed to cool to room 
20 temperature, frozen, lyophflized to dryness, broken Into pieces, mined, and sieved. The lyophflizer was theVirtis 
Unitrap II instrument, the mill was the CRC Micromill, and the sieve was the CSC Scientific sieve shaker. 

Example 2 

25 Preparation of Wax Coated Bioadhesive Microcapsules 

The following example illustrates the preparation of wax coated bioadhesive microcapsules according to 
the first method of the invention. 

Was coated microcapsules were prepared as follows: 
so 1 . Carbauna wax (20g) was melted on a hot plate at 95-1 00°C; 

2. Calcium carbonate (8g) was added to the wax with mechanized stirring, and stirring was continued until 
the CaCQs was thoroughly mixed into the wax; 

3. Kelgum/gelatin particles (100-200 mesh size) loaded with 0.1M I^HP0 4 (loading concentration of Kel- 
gum 1 % and gelatins 4%) were added to this mixture with continuous mechanized stirring. The temperature 

35 of the mixture was maintained no higher than 100°C in ordertoavoid decomposition of the Kelgum&elatin 
mixture, and the mixture was stirred unto evenly distributed; 

4. The hot melt was quickly poured onto a dear, hard surface and allowed to cod. After hardening, the 
resulting solid mass was broken into pieces, milled and sieved to a particle size appropriate fbrsubsequent 
bbadhesion and dissolution experiments. 

40 

Example 3 

Preparation of Bioadhesive Microcapsules 

45 The following example illustrates the preparation of bioadhesive microcapsules in accordance with the sec- 
ond method of the Invention. 

Microcapsules of ethylcellulose were prepared by ^ssolving KaHPO* in an aqueous ethylcenuiosesdution, 
followed by forming a 50 ma film on a teflon plate and subsequently allowing the film to dry, prior to milling and 
sieving the resulting pieces into microcapsules. 

so 

Bioadheslon Measurements 

The microcapsules produced by the procedures of Examples 1 and 2 were subjected to bioadheslon meas- 
urements, following th techniqu outlined by J.R. Robinson in U.S. Patent No. 4,615,697, with certain mod- 
55 ificatfons. 

The modifications included using a N . 1 rubber stopper adapted with a metal fixture and a 1 cm diameter 
circle of plastic, In order to carry out tissue-to-tlssue adhesion measurements. Rabbit stomach tissue was 
employed for this purpose. Ten mg of material whose bioadheslon was to be measured was spread on the bot- 
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torn tissue over the area of a circle of 1 cm diameter. 

The rubber stopper (with tissue) was then lowered onto the lower tissue for exactly on minute and th 
force in grams required to separate the two pieces of tissue was measured. 

The wax coated microcapsules prepared according to Example 2 were found to exhibit approximately 
5 equivalent tissue/tissue adhesiveness compared to the uncoated microcapsules of Example 1 . 

Carnauba wax particles alone were found to decrease the adhesion below that obtained with no microcap- 
sule compositions (wax coated or uncoated). 

Dissolution Experiments 

10 

The bioadhesive microcapsules prepared in accordance with Examples 1-3 were subjected to dissolution 
experiments, in order to determine the relative sustained release properties of these compositions. 

In vitro dissolution studies were carried out by using an initial acid challenge of 1 0 mg of lactic acid in 25 
ml water or 25 ml of 2 miilimolarHCi, adding the microcapsules, then measuring the Increase in pH as a function 
15 of time. The samples were thermostated In a shaking water bath at 37°C. Measurements were usually carried 
out at time points of 0, 5, 10, 20, 30, 40, 60, 90, 120, 150, and 180 minutes. A Radiometer PHM 84 research 
pH meter was employed tor pH measurements. 

An IBM AT personal computer was used to graph the data with the graphics software packages of Lotus 
and/or Sigmaplot (Jandet Scientific, Sausalito, CA). 
20 Dissolution studies with particles of xanthan gum, locust bean gum and gelatin loaded with K 2 HP0 4 were 
carried out, and Indicated that improvement in sustained release was desirable. Adhesive particles were prep- 
ared with carnauba wax, using the hot melt procedure previously described. These particles yielded improved 
performance, but additional improvement in sustained release properties was still desired. 

Accordingly, calcium carbonate was added during the preparation of the particles In order to fill the channels 
25 in the wax to yield greater sustained release, as well as to serve as a second source of acid consuming power. 
Good sustained release characteristics were obtained with 100 and 200 mg of microcapsules. 

A comparison study of dissolution experiments with calcium carbonate alone, calcium carbonate plus 
potassium phosphate dibasic, and unloaded microcapsules was carried out The unloaded microcapsules were 
found to contribute nothing to the pH increase. However, CaCQs was found to make a small contribution to the 
30 pH increase with sustained release, while the combination of CaC0 3 and K2HPO4 raised the pH to approxim- 
ately 6.5 in two hours and exhibited significant sustained release. 

The effect of mesh size on dissolution rates was also investigated. As anticipated, the smallest particle 
size yielded the fastest release rate. 

Additional experiments were carried out to determine how further additions of acid effected the pH of a typi- 
55 cal dissolution profBe. Six one mg additions of lactic acid after the initial ten mg challenge were made. Each 
addition of acid immediately lowered the pH by about 0.5 unit with subsequent recovery before the next addition 
twenty minutes later. This experiment was carried out in order to determine if the pH could recover from an 
additional amount of acid, simulating the intake of additional sugar which would be metabolized to lactic acid. 

Similar dissolution studies were also carried out on the ethylcellulose microcapsules loaded with K2HPO4. 
40 The acid challenge In these studies was 25 ml of 2 x 10 -^M HCI. Good sustained release was obtained with 
200 mg of microcapsules. The addition of 2 ml of 2 x 10 HCI during a typical dissolution study was carried 
out The pH was found to drop immediately upon acid addition, but recovered later in the dissolution. 

Example 4 

45 

Preparation of Bioadhesive Microcapsules 

The following example illustrates the preparation of bioadhesive microcapsules In accordance with the third 
method of the Invention. 

so Microcapsules were prepared by first loading Kelgum/gelatin with potassium phosphate dibasic This was 
carried out by dissolving potassium phosphate to 0.067M in hot, deionized water followed by addition of 0.67% 
Kelgum and 2.7% gelatin (225 bloom) with vigorous mechanical stirring until uniform. Calcium carbonate was 
add d that was 30% of the solids content This was accomplished by prembdng the calcium carbonate in 50 
irii of deionized water (~80°C) and adding to the above solution with vigorous mechanical stirring. This solu- 

55 tlon/suspension was then spray dried on a Buchi 190 Mini Spray Dryer. The temperature was maintained at 
approximately 70-90°C during the ntire operation. Optimal Instrument settings were an Inlet temperature of 
13CM50°C, aspiratorsettingof 20,airfiowsetting of 400, andftowrateof MmlAninute. Ayield of approximately 
35-40% was btained based on the solids content of the solution&uspenslon. The resulting product was a white, 
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fluffy powder that was micro-sized. 

These spray dried particles were coated with carnauba wax by a granulation technique. A ratio of 3:1 wax 
to particles was employed (225 g and 75 g). The procedure involved mixing the materials in a stem jacketed 
five quartHobart bowl for 5 minutes at speed #1 (4<M5 RPM). Then with continued mixing, the bowl was heated 
to approximately 5<V60°C for 2-4 minutes until a slightly soft granular consistency was achieved. The wax 
granulation was then discharged onto a piece of paper and allowed to cool The product was then moled in a 
CRC Micromiil and sieved in a CSC Scientific sieve shaker. 

Bioadhesion Measurements 

The microcapsules produced by the procedure of Example 4 were subjected to in vitro bioadhesion meas- 
urements, utilizing the modified technique of Robinson previously described. 

Bioadhesion experiments were carried out on the spray dried particles and wax coated microcapsules of 
Example 4, along with the appropriate controls, using rabbit stomach tissue as described previously. The 
uncoated particles and wax coated microcapsules were found to possess similar bioadhesion characteristics. 
Additionally, the microcapsules of the granulation method of Example 4 and those of the hot wax melt procedure 
of Example 2 were found to possess similar bioadhesion characteristics, probably due to the fact that both 
batches of microcapsules wars milled, and some negatively charged earboxyi groups may extend outside the 
wax coating. 

Dissolution Experiments 

The bioadhesive microcapsules prepared by the process described in Example 4 were subjected to in vitro 
dissolution experiments, in order to determine the relative sustained release characteristics of these microcap- 
sules, compared to those prepared in Examples 1-3. 

in vitro dissolution experiments were carried out with an initial acid challenge in 25 mi deionsed water. The 
microcapsules were added and the increase in pH was monitored as a function of time. The samples were ther- 
mostated at 37°C in a shaking water bath at 37°C. Measurements of pH were made at various time-points. 

Dissolution experiments were also conducted for the geMoaded microcapsules of Example 4. The pro- 
cedure for dissolution studies carried out on microcapsules in a gel was slightly different In this case, 1 0 g of 
gel (containing approximately 300 mg of microcapsules) was weighed into a 50 ml Erienmeyer flask. A second 
flask contained 10 mg lactic acid in 25 ml deionized water. Both flasks were equilibrated to 37°C T and the lactic 
acid solution was added to the gel slowly to start the experiment The agitation levels employed were 60 revolu- 
tions per minute for the microcapsules alone and 120 rpm for the microcapsules hi a gel. A hfcher agitation 
rate was utilized in the case of the gel, in order to obtain a more uniform sample. 

Microcapsules were loaded into a gel (99% propylene glycol thickened with 1% Klucei HP or 92% 
polyethylene glycol 400 thickened with 8% polyethylene glycol 1450) by heating the propylene glycol or PEG 
400 to 5O-60°C, and then adding the thickening agent with vigorous stirring until uniform. The microcapsules 
were then added with continuous mechanical stirring for approximately 34 minutes until uniform and subse- 
quently allowed to cool. 

An IBM AT personal computer was used to graph the data with the Sigmaplot graphic software packages 
of Lotus and/or Sigmaplot (JandeJ Scientific, Sausalito, CA). 

A Radiometer PHM 84 research pH meter was employed for pH measurements. 

The dissolution experiments indicated that the compositions of Example 4, whether or not loaded into a 
gel, exhibited excellent sustained release properties. 

Since wax is relatively non-adhesive, it was expected that a higher ratio of wax tospray dried particles would 
render the microcapsules less adhesive. However, since wax is hydrophobic In nature, a hfcher sustained 
release effect would be expected at higher ratios. Therefore, a trade-off in adhesiveness and sustained release 
was noted with varying ratios of wax to spray dried material. 

An experimentwas carried out to determine the effect of mesh size on the dissolution rate of the wax coated 
granulated microcapsules of Example 4. This experiment showed that smaller particle sizes yielded a more 
rapid dissolution rate, during th first 30 minutes of the experiment 

Additional dissolution studies were carried out n the microcapsules of Exampl 4, wherein small additions 
of lactic acid were introduced during the dissolution in order to determine if the microcapsules had residual buf- 
fer capacity. These experiments also simulate additions of carbohydrate after the initial carbohydrate charg 
that would produce additional lactic acid. 

The results of four 1 mg additions of lactic acid, after th initial 10 mg charge, show that these bioadhesfv 
microcapsules exhibit good buffer capacity. 
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SEM Studies 



SEM studies showed that th spray dried (uncoated) material of Example 4 was spherical In nature, while 
the lyophBized material (uncoated) of Example 1 was granular. Both of the wax coated materials from lyophilized 
(Example 2) and spray dried (Example 4) materials were granular. Particle sizes obtained were as follows: 



Spray dried 
Spray dried 

Lyophilized 
Lyophilized 



granulated/ 
wax coated 

hot melt 
wax coating 



3-5 microns 

100 microns 
400 microns 

700 microns 



Mapping experiments showed that the elements potassium, phosphorous, calcium, and sulphur were about 
equally dispersed in the spray dried and lyophilized materials. 

All of the above-described compositions of the invention provide useful microcapsules which exhibit excel- 
lent btoadhesive properties, and permit the sustained release of an active agent over a 60-90 minute period of 
time. The microcapsules may be Incorporated Into a suitable delivery system to facilitate delivery of the active 
agents, such as basic salts, to the oral cavity or other physical location. 

The invention being thus described, it will be obvious that the same may be varied in may ways. Such vari- 
ations are not to be regarded as a departure from thesplrit and scope of the invention and all such modifications 
are Intended to be included within the scope of the following claims. 

The present invention is summarised by the following clauses numbered 1 - 87, and is defined by the claims 
appended thereafter. 

1 . A composition of matter comprising btoadhesive microcapsules, said microcapsules comprising xanthan 
gum, locust bean gum, a bulking agent and an active agent 

2. The composition of 1 , wherein said xanthan gum and said locust bean gum are present in approximately 
equal amounts. 

3. The composition of 1, wherein said bulking agent is selected from the group consisting of gelatin, 10 
hydroconolds, glycerin, microcrystalline cellulose, methylceilulose, polyvinylpyrrolidone, sodium carboxy- 
methyl cellulose, whey solids and mixtures thereof. 

4. The composition of 3, wherein said bulking agent comprises gelatin. 

5. The composition of 1, wherein said active agent is selected from the group consisting of therapeutic 
agents, cosmetic agents and mixtures thereof. 

6. The composition of 5, wherein said active agent comprises a therapeutic agent 

7. The composition of 6, wherein said therapeutic agent comprises a buffering agent 

8. The composition of 7, wherein said buffering agent is selected from the group consisting of potassium 
phosphate dibasic, calcium carbonate, sodium potassium dibasic, sodium bicarbonate, ammonium bicar- 
bonate, potassium carbonate, magnesium carbonate, calcium phosphate tribasic, sodium sesquicarbo- 
nate, ammonium carbonate, tetrasodium pyrophosphate, calcium hydroxide, sodium hydroxide, potassium 
hydroxide and mixtures thereof. 

9. The composition of 8, wherein said buffering agent comprises potassium phosphate dibasic 

1 0. The composition of 8, wherein said buffering agent comprises calcium carbonate. 

1 1. The composition of 8, wherein said buffering agent comprises potassium phosphate dibasic and cal- 
cium carbonate. 

1 2. The composition of 1 , wherein said microcapsules are coated with a wax selected from the group con- 
sisting of animal waxes, vegetable waxes, mineral waxes, synthetic waxes and mixtures thereof. 

1 3. The composition of 12, wherein said wax comprises carnauba wax 

14. The composition of 12, wherein said wax coating Includes calcium carbonate. 

1 5. The composition of 1 . wherein said btoadhesive microcapsules are incorporated Into a delivery system. 
18. The composffion of 15, wherein said delivery system comprises a gel. 

17. The composition of 15, wherein said delivery system comprises a center-filled chewing gum. 

18. Th composition of 15, wherein said delivery system comprises a pressed mint 

1 9. A composition of matter comprising bioadhesive microcapsules, said microcapsules comprising ethyl- 
cellulose and an active ag nt 
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20. The composition of 19, wherein said active agent is selected from the group consisting of therapeutic 
agents, cosmetic agents and mixtures thereof. 

21. The composition of 20, wherein said active agent comprises a therapeutic agent 

22. The composition of 21, wherein said therapeutic agent comprises a buffering agent 

23. The composition of 22, wherein said buffering agent is selected from the group consisting of potassium 
phosphate dibasic, calcium carbonate, sodium potassium dibasic, sodium bicarbonate, ammonium bicar- 
bonate, potassium carbonate, magnesium carbonate, calcium phosphate tribasic, sodium sesquicarbo- 
nate, ammonium carbonate, tetrasodium pyrophosphate, calcium hydroxide, sodium hydroxide, potassium 
hydroxide and mixtures thereof. 

24. The composition of 23, wherein said buffering agent comprises potassium phosphate dibasic. 

25. The composition of 1 9, wherein said microcapsules are coated with a wax selected from the group con- 
sisting of animal waxes, vegetable waxes, mineral waxes, synthetic waxes and mixtures thereof. 

26. The composition of 25, wherein said wax comprises camauba wax. 

27. The composition of 19, wherein said microcapsules are incorporated into a delivery system. 

28. The composition of 27, wherein sard delivery system comprises a gel. 

29. The composition of 27, wherein said delivery system comprises a center-filled chewing gum. 

30. The composition of 27, wherein said delivery system comprises a pressed mint 

31. A method of preparing broadhesive microcapsules capable of the sustained release of an active agent, 
the method which comprises: 

(a) providing a hot aqueous solution or suspension of an active agent; 

(b) adding xanthan gum, locust bean gum and a bulking agent to said aqueous solution, to form a visc- 
ous solution; 

(c) cooling said viscous solution; 

(d) drying said viscous solution, to form a solid material containing said active agent 

(e) forming said solid material into btoadhesive microcapsules; and 

(f) recovering said bioadhesrve microcapsules. 

32. The method of 31, wherein said drying step (d) comprises lyophflizing said viscous solution. 

33. The method of 31, wherein said forming step 

(e) comprises breaking said solid material into pieces, followed by milling and sieving said pieces, to 
form bioadhesive microcapsules. 

34. The method of 31, wherein said active agent is selected from the group consisting of therapeutic 
agents,cosmetic agents and mixtures thereof. 

35. The method of 34, wherein said active agent comprises a therapeutic agent 

36. The method of 35, wherein said therapeutic agent comprises a buffering agent 

37. The method of 36, wherein said buffering agent is selected from the group consisting of potassium phos- 
phate dibasic calcium carbonate, sodium potassium dibasic, sodium bicarbonate, ammonium bicarbonate, 
potassium 10 carbonate, magnesium carbonate, calcium phosphate tribasic, sodium sesquicarbonate, 
ammonium carbonate, tetrasodium pyrophosphate, calcium hydroxide, sodium hydroxide, potassium hyd- 
roxide and mixtures thereof. 

38. The method of 37, wherein said buffering agent comprises potassium phosphate dibasic. 

39. The method of 37, wherein said buffering agent comprises calcium carbonate. 

40. The method of 37, wherein said buffering agent comprises potassium phosphate dibasic and calcium 
carbonate. 

41. The method of 31, wherein said xanthan gum and said locust bean gum are present in approximately 
equal amounts. 

42. The method of 31, wherein said bulking agent is selected from the group consisting of gelatin, hyd- 
rocoDoIds, glycerin, microcrystaOine cellulose, methylcellulose, polyvinylpyrrolidone, sodium carboxy- 
methylcellulose, whey solids and mixtures thereof. 

43. The method of 42, wherein said bulking agent comprises gelatin. 

44. The method of 31, wherein the addition of said xanthan gum, locust bean gum and bulking agent to 
said aqueous solution is accompanied by vigorous stirring of said aqueous solution. 

45. The method of 31, wherein said cooling step (c) comprises cooling said viscous solution to approxim- 
ately room temperature. 

46. The method of 31, further comprising: (g) coating said microcapsules with a wax selected from the group 
consisting of animal waxes, vegetabl waxes, mineral waxes, synthetic waxes and mixtures thereof. 

47. The method of 46, wherein said wax comprises camauba wax. 

48. The method of 46, wherein calcium carbonate is added to said wax, prior to coating said microcapsules 
with said wax. 
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49. The method of 46, wherein said microcapsules are coated with said wax by means of a hot melt pro- 
cedure. 

50. Th method of 31, further comprising: (g) incorporating said bioadhesive microcapsules into a delivery 
system. 

51. The method of 50, wherein said delivery system comprises a gel. 

52. The method of 50, wherein said delivery system comprises a center-filled chewing gum. 

53. The method of 50, wherein said delivery system comprises a pressed mint 

54. A method of preparing bioadhesive microcapsules capable of the sustained release of an active agent, 
the method which comprises: 

(a) providing an aqueous solution or suspension comprising an active agent and ethylceliulose: 

(b) drying said aqueous solution or suspension, to form a solid material containing said active agent; 

(c) forming said solid material into bioadhesive microcapsules; and 

(d) recovering said microcapsules. 

55. The method of 54, wherein said drying step (b) comprises forming a film of said aqueous solution or 
suspension and subsequently allowing said aqueous solution or suspension to dry, to form a solid material 
containing said active ingredient 

56. The method of 54, wherein said forming step (c) comprises miling and sieving sard solid material, to 
form bioadhesive microcapsules. 

57. The method of 54, wherein said active agent is selected from the group consisting of therapeutic agents, 
cosmetic agents and mixtures thereof. 

58. The method of 57, wherein said therapeutic agent comprises a buffering agent 

59. The method of 58, wherein said buffering agent is selected from the group consisting of potassium phos- 
phate dibasic, calcium carbonate, sodium potassium dibasic, sodium bicarbonate, ammonium bicarbonate, 
potassium carbonate, magnesium carbonate, calcium phosphate tribasfc, sodium sesquicarbonate, 
ammonium carbonate, tetrasodium pyrophosphate, calcium hydroxide, sodium hydroxide, potassium hyd- 
roxide and mixtures thereof. 

60. The method of 59, wherein said buffering agent comprises potassium phosphate dibasic. 

61. The method of 54, further comprising: (e) coating said microcapsules with a wax selected from the group 
consisting of animal waxes, vegetable waxes, mineral waxes, synthetic waxes and mixtures thereof. 

62. The method of 61, wherein said wax comprises camauba wax. 

63. The method of 54, wherein said microcapsules are incorporated Into a delivery system. 

64. The method of 63, whereto said delivery system comprises a gel. 

65. The method of 63, wherein said delivery system comprises a center-filled chewing gum. 

66. The method of 63, wherein said delivery system comprises a pressed mint 

67. A method of preparing bioadhesive microcapsules capable of the sustained release of an active agent, 
the said active ingredient method which comprises: 

(a) providing a hot aqueous solution or suspension of an active agent; 

(b) adding xanthan gum, locust bean gum and a bulking agent to said aqueous solution, to form a visc- 
ous solution; 

(c) spray drying said viscous solution, to form bioadhesive microcapsules; and 

(d) recovering said bioadhesive microcapsules. 

68. The method of 67, whereto the temperature of steps (a)-(c) Is maintained at approximately 700-90°C. 

69. The method of 67, wherein calcium carbonate is added to said viscous solution, prior to spray drying 
of said viscous solution. 

70. The method of 67, wherein said active agent Is selected from the group consisting of therapeutic agents, 
cosmetic agents and mixtures thereof. 

71. The method of 70, wherein said active agent comprises a therapeutic agent 

72. The method of 71 ( wherein said therapeutic agent comprises a buffering agent 

73. The method of 72, wherein said buffering agent is selected from the group consisting of potassium phos- 
phate dibasic calcium carbonate, sodium potassium dibasic, sodium bicarbonate, ammonium bicarbonate, 
potassium carbonate, magnesium carbonate, calcium phosphate tribasic, sodium sesquicarbonate, 
ammonium carbonate, tetrasodium pyrophosphate, calcium hydroxide, sodium hydroxide, potassium hyd- 
roxide and mixtures thereof. 

74. The method of 73, wherein said buffering agent comprises potassium phosphate dibasic 

75. The method of 73, wherein said buffering agent comprises calcium carbonate. 

76. Th method of 73, wherein said buffering agent comprises potassium phosphate dibasic and calcium 
carbonate. 

77. Th method of 67, wherein said xanthan gum and said locust bean gum are present in approximately 
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equal amounts. 

78. The method of 67, wherein said bulking agent is selected from the group consisting of gelatin, hyd- 
rocolloids, glycerin, microciystaliine cellulose, methylceliulose, polyvinylpyrrolidone, sodium car- 
boxymethyiceilulose, whey solids and mixtures thereof. 

79. The method of 78, wherein said bulking agent 10 comprises gelatin. 

80. The method of 67, wherein the addition of said xanthan gum, locust bean gum and bulking agent to 
said aqueous solution is accompanied by vigorous stirring of said aqueous solution. 

81. The method of 67, further comprising: (e) coating said microcapsules with a wax selected from the group 
consisting of animal waxes, vegetable waxes, mineral waxes, synthetic waxes and mixtures thereof. 

82. The method of 81 , wherein said wax comprises carnauba wax 

8a The method of 81, wherein said microcapsules are coated with said wax by means of a granulation 
procedure. 

84. The method of 67, further comprising: (e) incorporating said bioadhesive microcapsules into a delivery 
system. 

85. The method of 84, wherein said delivery system comprises a geL, 

86. The method of 84, wherein said delivery system comprises a center-filled chewing gum. 

87. The method of 84, wherein said delivery system comprises a pressed mint 

Claims 

1. A composition of matter comprising bioadhesive microcapsules, said microcapsules comprising xantham 
gum, locust bean gum, a bulking agent and an active agent 

Z A composition of matter comprising bioadhesive microcapsules, said microcapsules comprising ethyl cel- 
lulose and an active agent 

3. The composition according to claim 1, wherein said xanthan gum and locust bean gum are present in 
approximately equal amounts. 

4. The composition according to either of claims 1 or 3, in which the bulking agent is selected from the group 
consisting of gelatin, hydrocolloids, glycerin, microcrystalline cellulose, methylceliulose, polyvinyipyrrol^ 
done, sodium carboxymethyf cellulose, whey solids, and mixtures thereof. 

5. The composition of any preceding claim, in which the active agent is selected from the group consisting 
of therapeutic agents, cosmetic agents, and mixtures thereof 

6. The composition according to claim 4, in which the therapeutic agent contains a buffering agent selected 
from the group consisting of potassium phosphate dibasic, calcium carbonate, sodium potassium dibasic 
sodium bicarbonate, ammonium bicarbonate, potassium carbonate, magnesium carbonate, calcium phos- 
phate tribasic, sodiumsesquicarbonate, ammonium carbonate, tetrasodfumpyrophosphate, calcium hyd- 
roxide, sodium hydroxide, potassium hydroxide, and mixtures thereof. 

7. The composition according to any preceding claim, In which the microcapsules are coated with a wax selec- 
ted from the group consisting of animal waxes, vegetable waxes, mineral waxes, synthetic waxes and mixt- 
ures thereof. 

8. The composition of any preceding claim, when incorporated Into a delivery system selected from the group 
consisting of a gel, a centre filled chewing gum, and a pressed mint 

9. A method of preparing the micra^sules of the composite 
comprises the steps of; 

a) providing a hot aqueous solution or suspension of an active agent; 

b) adding xanthan gum, locust bean gum and a bulking agent to said aqueous solution to form a viscous 
solution, 

c) cooling said viscous solution, 

d) drying said viscous solution to form a solid material containing said active ingredient, 
) forming said solid material into bioadhesive microcapsules, and 
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f) recovering said btoadheslve microcapsules. 

10. The method of claim 9, wherein said cooling step (c) comprises cooling said viscous soluti n to approxim- 
ately room temperature and said drying step (d) optionally comprises lyophOizing said viscous solution. 

5 

11. A method of preparing the bioadhesive microcapsules of the composition of any one of claims 1 and 3 to 
9, the method comprising; 

(a) providing a hot aqueous solution or suspension of an active agent; 

(b) adding xanthan gum, locust bean gum and a bulking agent to said aqueous solution, to form a viso- 
10 ous solution; 

(c) spray drying said viscous solution, to form bioadhesive microcapsules; and 

(d) recovering said bioadhesive microcapsules. 

12. The method of any one of claims 9 to 11, wherein the addition of said xanthan gum, locust bean gum and 
15 bulking agent to said aqueous solution is accompanied by vigorous stirring of said aqueous solution. 

13. The method of any one of claims 9 to 12, further comprising: coating said microcapsules with a wax selected 
from the group consisting of animal waxes, vegetable waxes, mineral waxes, synthetic waxes and mixtures 
thereof. 

20 

14. The method of any one of claims 9 to 1 3, wherein said wax comprises carnauba wax and in which calcium 
carbonate is optionally added to said wax, prior to coating said microcapsules with said wax 

15. The method of claim 1 1 , wherein the temperature of steps (aHc) is maintained at approximately 700-90°C, 
25 and in which calcium carbonate is optionally added to said viscous solution, prior to spray drying of said 

viscous solution. 

16. A method of preparing the composition of any one of claims 2, and 4 to 9, which method comprises the 
steps of: 

30 a) providing an aqueous solution or suspension comprising an active agent and ethyl cellulose; 

b) drying said viscous solution to form a solid material containing said active ingredient, 

c) forming said solid material into bioadhesive microcapsules, and 

d) recovering said bioadhesive microcapsules. 

35 17. The method of claim 1 G, wherein said drying step (b) comprises forming a fflm of said aqueous solution or 
suspension and subsequently allowing said aqueous solution or suspension to dry, to form a solid material 
containing said active ingredient 

18. A method according to any one of claims 8 to 17, in which said forming step comprises breaking said solid 
40 material into pieces, followed by milling and sieving said pieces, to form bioadhesive microcapsules. 
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